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FOREWORD

The Subcommittee on Radiochemistry 1s one of a number
of subcommlttees working under the Commlittee on Nuclear
Science withlin the National Academy of Sciences - National
Research Counclil. 1Its members represent government, indus-
trial, and universlty laboratories 1in the areas of nuclear
chemistry and analytical chemistry.

The Subcommittee has concerned 1tself with those areas
of nuclear science which involve the chemist, such as the
collection and distribution of radiochemical procedures, the
establishment of specifications for radiochemically pure
reagents, availability of cyclotron time for service irradl-
atlons, the place of radlochemistry in the undergraduate
college program, etc.

This serles of monographs has grown out of the need for
up-to-date compllations of radiochemlcal 1Information, pro-
cedures, and technlques. The Subcommittee has endeavored to
present a serles which will be of maximum use to the workilng
scientlst and which contalns the latest avallable information.
Fach monograph collects in one volume the pertinent informa-
tlion requlred for radlochemlcal work with an individual
element or with a speclalized technique.

An expert 1n the particular radiochemilcal technique has
written the monograph. The Atomlic Energy Commlsslon has
sponsored the printing of the serles.

The Subcommlittee is confident these publications will be
useful not only to the radiochemist but also to the research
worker in other flelds such as physlcs, blochemistry or
medicine who wlshes to use radiochemilcal technlques to solve
a specific problem.

W. Wayne Melnke, Chairman
Subcommittee on Radlochemistry
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INTRODUCTION

This volume which deals wlth low-level radlochemical
spearationa 1s the third in a series of monograpns on radio-
chemical techniques which willl parallel the seriles on the
radlochemistry of the elements. The same general style is
used in both series of monographs, including general reviews
of the technlque, discussion of the principles involved, a
survey of applicatlons to different systems, and finally a

collection of selected procedures whilch use this technique
as reported in the literature

This second series of techniques monographs will cover -
a number of radiochemical techniques whic¢h have not been
reviewed elsewhere. Plans 1Include revision of these mono-
grapls periodically as new informetlon and procedures warrant.
The reader 1s therefore encouraged to call to the attention of
the author any published or unpublished material on low-level
radiochemical separations whilch milght be included in a revised
version of the monograph.
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Low-level Radiochemical Separations

T. T. SUGIHARA
Jeppson Laboratory
Clark University
Worcester, Massachusetts

The widespread use and occufrence of radioactivity and the increasing
interest in less probable nuclear reactions have foiced many nuclear and radio-
chemists to use low-level methods of isolating and detecting radicactivity. "It
is the purpose of this review to consider some of the general aspects of low-
level radiochemical separations and discuss a few specific procedures. Since
it is difficult in many cases to know from the title of a paper, its abstract,
or sometimes even the text of a paper, whether a low-level method was used, the
author makes no claim as to completeness of the literature surveyed in preparing
this monograph. Furthermore, since many separation methods used at ordinary
levels may be converted to low-level procedures with only minor alterations,
there exist potentially an infinite number of low-level separation schemes. The
references cited here should be taken to be only representative ones and are of
course those about which the author knows the most. There are no doubt many
other low-level methods, published and unpublished, and the author would appreci-
ate receiving information about them. Unfortunately, few papers discuss the de-
tails of the precautions taken to achieve high radiochemical purify and other

characteristics of a low-level method.



The major use of low-level methods has been in (1) environmental studies of

66
naturally occurring or artificial radicactivity, (2) research in cosmic-ray-

Tk 104 (3) deter-

28,82

induced radioactivity in meteorites52 and atmospheric nuclei,
mination of nuclear-reaction cross sections in the submicrobarn_region,
(4) studies of nuclear reactions in which the available beam intensities are
very low (e.gL, pion-induced reac‘tions118 or resonance fissiongg) although cross
sections are large, and (5) trace-element determination:by_aétivation analysis.go
Low-level radioactivity can be_defiped in terms of a signal-to-noise ratio
{sample-to-background ratio) - for example, an acFivity for which the ratio is
of the order of unity. For radiochemical'pufpéses, however, this is not nec-
essarily adequate. One of the important criteria for evaluating a low-level
. procedure is the blank, as will be discussed below. A blank of one count per
minute (cpm) may be negligible in a counter system whose background is 25 cpm,
but it is of very great importance when the background rate is of the order of
0.2 cpm, a typical rate in many beta counters in common use.5o’78’107 Thus in
.this discussion we shall be concerned with small absolute amounts of activity
( < 10 disintegrations per minute) as well as signal/noise ratios of the order
of unity.
The kinds of counters used and the ingenious methods devised to reduce
background are outside the scope of this discussion. A number of specific¥* and

7,33,59

review articles have appeared on the subject in the past few years.
Generally speaking, low-level radiochemistry shows some strong resemblances

to trace-element determination by c:olo:t'il:ne‘t:'ry.g8 Many of the injunctions applic-

able to the latter area have counterparts in the radiochemical case.

Beta proportional or Geiger counting - references 10, 12, 35, 57, 62, T4, 78,
8k, 87, 101, 107; solution scintillation counting - references'1, 8, 15, 18,
31, 55, 56, 88; Nal scintillation counting - references 5, 14, 21, 36, 48, 111.



For a low-level procedure to be a good one, certain requirements must be met:

1. Zero or small and constant blank.

2. High chemical yield.

3. High radiochemical purity.

L4, Ease of preparing sample in suitable chemical form for counting. All
of these criteria are, of course, applicable to radiochemical separations at
ordinary levels, as well as some others such as speed, which in general is not
so important in low-level work. The difference in relative importance of some

of these factors will be discussed below.

Blank Determinations

A blank in radiochemical separations means approximately what it does in
trace element analysis: the contribution of the added reagents and other con-
stituents of a sample to the quantity measured. A given procedure may of course
have a different blank for a counting method using gamma-ray pulse analysis as
compared to one which involves gross beta activity.

It is frequently not simple to decide how a blank is to be measured. For
example, consider the foliowing case: low-level measurements are to be made of
fallout Celuu in samples of sea water. A procedure is devised which isolates
cerium chemically. A blank is determined by adding inert cerium carrier to a
volume  of distilled water comparable to that of sea water in an actual sample;
this is followed by the procedure using the same reagents in the same amounts
as in isolation of a real sample, and finally the cerium fraction is counted.
This does not necessarily constitute a satisfactory blank determination since
it determines only the contribution of added reagents. Sea water may contain
non-cerium activities (referred to as X below) that tend to follow cerium
chemistry, particularly when holdback carriers are not present., Ideally the blank

should be determined in a sea water system containing X but no Celhh. However,



in this particular case and at this time there do not exist sea water samples
R 1hh .
which we can be sure are free of Ce . Even samples collected at 1500 meters
. 108
appear to contain measurable amounts.

A method which appears to be better - but is not - is to add inert cerium
carrier and recover it from a sea water sample that has already been processed
once. The first cerium separation (assumed to be quantitative for simplicity)

iy , 1hh |
should remove (1) Ce originally present in the sample, (2) Ce in the re-
agents used, (3) some or all of X, and (L) some or all of Z (as we shall call
non-cerium activities contributed by the reagents which follow cerium chemistry;
X and Z may or may not be the same). The second cerium separation may contain
only (2) and (4). 1If so, obviously this is no measure of X. If a constant
amount of X were to follow each cerium separation, then the second cerium frac-
tion is a reasonable measure of the blank. But this is an unlikely occurrence,
and this method does not provide an unambiguous blank detemmination.

If a small cross section is being measured in a charged-particle reaction,
a satisfactory blank may frequently be determined by placing the target at a
position beyond the range of the charged particle and isolating and measuring
the activity of interest. The blank here includes contributions from reactions
of long-range particles (usually neutrons) as well as from contaminants in tar-

' 4

get and reagents. Fung and Turkevich3 have discussed at some length the pre-
cautions they have taken to insure an authentic measurement of the very small

. 65 +1y: 69 . - .
cross section for the Cu (p,;)Tr INi reaction. A similar discussion is given

82 '

by Metzger and Miller = for the reactions induced by secondary charged particles
produced by the interaction of high-energy protons with gold. The formation
cross sections of bismuth and lead nuclides were very much less than a micro-
barn. The blank problem in studies of bismuth fission has been described by

28
Fairhall  and by Sugihara et a1.109



At ordinary levels of activity, small amounts of radiochemical impurities
are frequently tolerable if their half-lives are substantially different from
that of the nuclide to be measured. In the low-level case, this is less true.
For example, a great many laboratories are determining Sr90 at low levels in
samples of geochemical or biochemical importance. All of the methods used in-
volve the measurement of the 64-hour Y9O in secular equilibrium with its parent.
One might think that a small amount of a long-lived activity would be of only
minor consequence in such a determination since the amount of Y9o can be deduced
from the resolution of the decay curve. In fact, however, counting statistics
are not so good since in the resolution, the sum of the counter background and
long-lived activity must be subtracted from each measured point. In effect, the
counter background has been increased, defeating the purpose of the elaborate )
shielding methods used to achieve a low counter background. An obvious point to
be made is that design of procedures of minimum blank is as important as engin-
eering low backgrounds.

Blanks, like counter backgrounds, are usually not zero? at best they usually
have small positive values even though statistically they may be taken to be
zero. Such a blank is of course satisfactory. In less fortunate cases, the
blank may not be negligibly small and yet not large enough to apply the usual
nuclear identification methods such as pulse analysis or absorption curves. Thus
one does not know how to change his procedure to remove the contaminating nuclide
or nuclides. In such cases a standard practice is to determine the blank as a
function of the éhemical yield of the substance counted. If the relationship
is simple and reproducible, a blank correction is readily applied to an actual
sample (sacrificing some precision, of course). If not, the procedure must be
altered (according to the intuition of the radiochemist) until either a neglig-

ible or small and constant blank is obtained.



Reducing the Blank Correction

The general problem of obtaining a negligible blank is a2 most complex one,
and only a few statements can be made that are applicable to a wide variety of .
systems. There are two aspects to the problem. One is concerned with the re-
moval of contaminating activities present in the sample or in the reagents not
isotopic with the nuclide to be determined. The other involves the contribution
from the reagents of nuclides isotopic or identical with that determined. . The
firet is solved by good chemical separations; the second by proper choice of re-
agents.

1. Contamination of analytical reagents. A separate group  of the NAS-NRC
subcomrittee on radiochemistry is pursuing tﬁis problem and no general discussion
18 presented here. In our laboratory we find many reagents whose activity is
> 0.1 cpm per 10 mg. I;‘or example, a rare earth of high chemical purity such

may contain easily measurable amounts of Ac:22'7

as 99.99% Ia 5 Y20 and Ce0,,

0

273 3

frequently are contaminated with thorium, but we have not been able to detect
14k

Ce in reagent cerium compounds. Barium .salts usually contain measurable

amounts of radium isotopes. Reagent cesium salts are inevitably contaminated

87. Hondash'-has recently found that reagents containing chlorine

with K* and b
or sulfur also contain measurable amounts of P32 » broduced by cosmic-ray inter-
actions. At sea level, the saturation F32 activity is 0.22 dpm per kg as chlorine
In HCL or CCl, and -0.46 dpm per kg as sulfur in 1,80,. Reagents stored (for a
time long compared to the half-life of P32) at a locatlon of the order of a

mile above sea level should contain .about three times as much P32 activity. Thus
considerable care needs to be exercised in thé choice of reagents for very low-
level determinationg of P32, P33, or 535. The latter two nuclides are also pro-

duced by coamic rays in chlorine- or sulfur-containing reagents.

2. Obviously potassium salts and reagents of other elements which have



naturally occurring activities should be excluded from a- procedure if the counting
method is sensitive to the natural activity.

3. Aqueous solutions should be prepared with deionized water or water
that has been distilled from & glassstill. This is especially important for
solutions used near the end of a low-level procedure. The activity found in
ordinary distilled water, as prepared in the usual metal still, varies widely
and may be negligible in some laboratories. A very rough rule of thumb is that
if the ordinary distilled water has a measurable blank when titrated with EDTA
or when used in trace-element colorimetry, it is probably not safe to use in a
low-level method.

4. Frequently the major contribution to the blank 1s made in the last

137. A number of methods capable of

20,107

step. Consider the case of isolating Cs

87

separating cesium from Rb Suppose such a method is

and l(uo are known.
used, and a very clean cesium-containing solution is obtained. Let us assume
that a solid cesium sample is desired for counting. The magnitude of the blank
may depend very critically on the choice of precipitant among perchlorate,
chloroplatinate, ailicotungstate or tetraphenylborate. There are essentially
no reliable rules that can be used at this point. Heavy-metal-containing re~
agents are usually avoided; yet in our experience20 chloroplatinate appears to
be superior to perchlorate.

5. Airborne contamination. Many radiochemical procedures require suction
filtration in the final astep to deposit a precipitate on filter paper for sub-
sequent determination. A mumber of investigators have pointed out that a sub-
stantial amount of a 30-40 minute beta activity (several cpm) is readily col-
lected on a filter by draw:l.ng a few liters of air through _it.16’79 This
effect is large when the humidity ie high. The activity in question is prob-

ably a complex mixture of the daughters of Rn222. There appears also to be



along-lived activity (believed to be I’b212 and its daughtersl5 h) whose con-
tribution is of the order of 5 - 10% of that of the short-lived activity at
the time the air stream is stopped. Thus it 1s of some importance to exclude
the air contribution to the reagent blank. Methods that have been used in-
clude:

(a) Avoid suction filtration completely. This is certainly posaible
in procedures in which speed is of little consgequence. Evapoz;ation may often
be used instead.

(b) Prefilter the air that eventually passes over the sample with a high-
efficiency fJ'_'Lte.r such as Millipore HA. This method 1s perhaps only 90% effici-
ent even if several such filters are used.79

(¢) Purify the air by a series of traps designed specifica]_'l.y to remove
radon and its decay products. Usually a trap containing an aqueous solution
and one with charcoal at dry-ice temperature are adequate.

" 6. Use of non-isotopic carriers. Frequéntly the inert carrier for a
nuclide to be isolated is difficult to obtain free of active contaminants.
In such a case a non-isotopic c.arrier of suitable chemical characteristics may
be much more desirable from the point of view of reagent blanks. To illustrate

this point, consider the case of aetermining Srgo

in geochemical samples. In
the usual chemical procedure inert strontium carrier is added and the.su'ontium
is finally recovered in a form free of other activities (except other strontium
nuc]ides).78 The final strontium sample is allowed to stand for a time long
enough to allow 64-hour Y9o to grow into secular equilibriim. Yttrium carrier
is added and a yttrium fraction free of strontium is recovered and counted. The
point here is that low-blank yttrium carrier is difficult to obtain; in general

it must be chromatographed under conditions in which separation from thorium is

substantially complete. This is tedious and unnecessary.



A much simpler technique is to isolate Y90 carrier-free by coprecipitation.

107

on ferric hydroxide. The Fe(III1) carrier used is very simply obtained in a

form that gives a zero blank. Prepare an HCl solution of reagent iron wire or

powder. Because of ailr oxidation there is always an appreciable concentration
of Fe(III) in the Fe(}l2 solution. 'i'hus if the pH is adjusted to ~l, some
I-‘e(OH)3 will precipitate. The I-‘e(OI-l)3 purifies the Pe(.‘.l2 solution by the usual
scavenging action. A trace.of H202 may be added if the scavenging is to be
repeated. Finally, excess }{202 is added and the Fe(II) is -oxid:f.?ed to Fe(III).
One might object to useing Fe(IIl) as a carrier for yttrium becauée .of the
lack of specificity of Fe(OH)B. On the other hand, if the strantium sample
has been properly pu.r_ified , no activity other than Y90 is present which would
be carried on Pe(OH)j. The coprecipitation of carrier-free yttrium and rare

107

earths on Fe(OH)3 is quantitative. Furthermore, since small amounts of
Fe(OH)B are recovered quantitatively on a Millipore filter, no chemical yileld
determination 1s necessary. Repeated application of this method to a stan-

9°-containing solution has shown that the Y9° recovery 1s reproducible

dard Sr
and indeed qua.nt:l.tative.loT

T. Reuéa of ion exchangers. Ion-exchange resins are c.:ommnly used in
low-level radiochemical pi‘ocedu.res. Some authorseo ha\;e etated that a given
batch of resin should not be used more than once in a low-level separation.
Several metal ilons which are strongly adsorbed by lon exchangers are erratically
eluted and their reuse may lead to contamination of sﬁbsequent sé.mplés. On
the other hand, repeated use of the same colloidal Dowex-50 in rare-earth
sepa:r:at:l.cfnsl07 has caused no difficulty. In the latter case » 4 basic citrate

L7

wash has been used in between rune. According to Harley, some batches of

90

Dowex-50 have been found to contain Br° . The activity is in a form that is not

removed by the usual a-c:ld-base vashing cyclea. It is apparent only when the resin



is ashed and counted; that is, samples are not contaminated when the resin is
used in the usual columm or batch manner. The activity level is about 10 dpm

Srgo per 100 ml of wet resin.

8. Equipment and facilities. Thére are obvious complications in attempting
to do low-level work in a laboratory devoted otherwise to ordinary levels of
activity, particularly if others work with the same nuclide as that being measured
at a low level. A very strict segregation of the usual laboratory glassware,
hardware, and counting and other equipment (such as counters, absorbers, balances,
ovens, centrifuges, etc.) is highly important. While not demonstrable that it
is absolutely necessary, in the author's laboratory, polyethylene ware is used
where possiblé. It is conceivable that potassium and perhaps other naturally

occurring activities can be leached from glass.

Identifying Nuclides in Low-Level Determinations

In many low-level determinatione involving long-lived fallout nuclides,
naturally occur.r:in_g or cosmic—ray—induced activities, the counting measurement
shows only that a certain amount of activity has been observed. If a properly
determined blank correction is known, the difference should be attxributable to
the nuclide being investigated. How can one be sure that the activity measured
is that which one expects it to be?

;92 27

Only in a few fortunate cases such as 5i”, Srgo,' or Ac2 , which have
daughter activities of convenient half-life, is it possible to base the identi-
fication on a decay curve. In most cases there is no apprecial_:le decay over

the time of the experiment. Pulse analysis of gamma rays does not appear to be
feasible in general for a few dpm of activity, at least at the present level of
sophistication of ingtrumentation. A unique identification of low-level positron

emitters is made possible by the angular correlation of annihilation radiation.s’ﬂ

10



Nuclides decaying by electron capture or isomeric mﬁsition can frequently be
identified at low levels by x-ray counting,

A standard chemical method used 1s to recycle to constant specific activity.
From the constency the chemical nature of the measured nuclide is deduced.
Usually there is no difficulty in assigning the correct ﬁass number. It is worth-
while to point out, however, that constant specific activity is not necessarily
adequate if the same chemical procedure is used in each cycle. Tﬂis can be
illustrated by an example., Suppose nuclide A, which is the nuclide being studied,
is poorly or not at all separated from radionuclide B (a different _chemi_cal.
element) in the procedure used and thus the first sample of A contains some B.

On recycling through the same procedure, A and B are not appreciably fractionated
and thus virtnally the same specific activity as before will be obtained even
though the contamination level of B is appreciable. On the other hand, a
different procedure which provides better fractionation between A and B should
show a change in specific activity. Pairs of elements like rubidium ana cesium
which a.re' very similar chemically may cause this kind of difficulty. Generally
speaking then, rather different chemical procedures should be used in successive
cycles in the process of recycling to constant specific aétivity.

In the case of beta emitters, absorption curves may be taken to help iden-
tify the nuclide. But with say only 0.5 cpm of activity against a background of
0.2 cpm, the absorption characteristics cannot be measured very precisely. On
the other hand, usually all one needs to know is that the absorption curve is
consistent with what one expects. The parameter compared is normally the half-
thickness or sometimes the general (unresolved) shape of the absorption curve.
When working with thick samples of low specific activity, Libby and co-

77,106,110

workers have used with considerable success a close cylindrical geom-

etry among sample, absorber,-and counter. Under these conditions a simple beta

11



emitter exhibits a truly exponential absorption curve, and a measured half-
thickness can be correlated with beta energy in a straightforward way.
Radiochemists who are accustomed to working at much higher levels may
suggest that a measured abaorption curve on a low-level sample of, say, 05157
should be compared wifh that measured unde.r the same conditions with an authentic
(and much higher activity) sample of 0313.7. The reaction of most low-level
radiochemists is that under no circumstances would they want, say, 1000 or

even 100 dpm of 03157

measured on a counter intended for 1 dpm.

Absorption curves are usually taken with plastic absorbers since they are
gmenﬁy uncontaminated. Aluminwn and other metals frequently have an appre-
ciable blank correction. Polyethylene and Mylar have been used succeasfully in

several laboratories. 10,80,107

A dieadvantage to working with plastic absorbers
is that it is easy to build up an appreciable electrostatic charge on them by
rubbing with tissue, as one..might do in cleaning them. The charge will leak off
gradually, and the effect 1s readily observable as an increased counting rate on
a beta counter with a thin. wall. It has been the practice in our laboratory to

place the absorber over the sample several hours before a count is taken and

thereafter avoid handling the absorber until the count is complete.

Relationship Between Ordinary and Low-Level Procedures

Generally speaking, a procedure designated as suitable for low-level use
may be very similar to those ust.ad at much higher levels, as will be seen in the
procedures described at the end of this review. Usually decontamination steps
are repeated more times and extra care is exercised to maximize yield, since
reducing the chemical yield is tantamount to increasing backgrouqd. In a statis-
tical sense the effect is still greater since the figure of merit for a method
depends on (sample ac_tiv:lty)a/ (background rate.).

Particular attention is pald to specificity since a low-level separation

12



frequently starts with a very large amount qf sample, containing nearly all
possible co.ntaminants. It is not easy to decide what holdback carriers to use
in each step of the procedure. Thus a low-level procedure for nuclide A will
often contain a step that is known to be specifig fo:.r: A in the presence of B,
C, D, ... when the latter are present carrier-free. Methods most successful
for such steps are ion exchange, solvent extraction and volatilization which

are applicable at very low concentrations.

Seldom, if ever, is a low-lgvel procedure done carrier-free if the element
exists in stable form. Because of extra decontamination or other s'l:.eps that
tend to reduce yields, somewhat larger amounts of carrier are used than in work
at ordinary levels. In the low-level determination of nuclides asuch as Pmlll'7
for which no stable isotope is availlable, non-isotopic carriers have be used

(in this case neodymium and sama.uium).lo? _

Some General Rules

The following general rules are suggested to aid in the deaign of a low-level

procedure:

1. Devise a fast and efficient first step to remove the nuclide of interest
from the bulk of the sample (frequently very large). Poor decontamination from
" other nuclides in this first step is perfectly acceptable. Since sz_lmple.s may be
rocks, meteorites, sea water, earth, cyclotron targets, etc., little specific

advice can be off_ered.

2. IList all possible activities that might be present in.the sample at levels
that would interfere with the determination. Introduce appropriate holdback
carriers and scavenging agents to take care of each extraneous activity. All

radiochemical procedures do this to a greater or lesser extent.

3. Devise a gtep that is highly specific -for the nuclide in question. This is

13



in general always possible if appropriate preliminary removal of interferences
can be carried out.

bk, Isolate the sample in a form suitable for counting, being very careful
that any reagents (including water and other .solvents) uséd in the last step are
free of activity. Filtered air may be necessary. Contamination from reagents
introduced in earlier steps may be removed in the high-specificity operation.
The choice of final form is often a compromise between low blank and suitable
gravimetric factor. For a soft beta emitter the total weight of counting sample
should be minimized{ of course.

5. 1If the chemical yield of the procedure is reasonable, determine a blank
as described earlier, taking care to ensure that an authentic blank is
measured. If it is not negligible, introduce additional steps in the pro-
cedure, and repeat until the blank is satisfactorily small.

6. Isolate the active nuclide according to your procedure from a real
sample. If counted as an external sample on a beta counter, determine the ab-
sorption curve (if long-lived) and compare it with what one egpects for the nu-
clide. If the nuclide is sufficiently short-lived, follow the decay until.the
activity no longer changes appreciably with time. The residual activity is a
lower limit to the blank. On a gamma counter a decay curve may be followed iq
the same Way and possibly with a low-background, highly stable scintillation
spectrometer, pulse analysis can be used to check purity and authenticity.

7. Put the sample (if long-lived) back into solution and go through a
second processing cycle, ﬁsing in step 3 a different operation specific for
the nuclide. Remeasure the specific activity. If there is no change, the
chances are that the procedure is adequa;e.

8. 1In general the blank must.be redetermined whenever a different batch

of reagents is used. Hence if a procedure is to be applied to a large number
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of samples, it_is wise to stock a considerable inventory of reagenté from the
same batch. Blank determinations should be made periodically as a matter of
course even with the same batch of reagents.

9. If a procedure is devised that appears to be satisfactory and it is
to be used routinely for a large mumber of samples, it is frequently worthwhile
Investigating the posaibiiity of eliminating some steps or reducing the number
of times certain operations'such.as scavenging are to be repeated. In the long
run a great deal of time may be aaved.'tIn general, low-level procedures tend
to be over;conaervative; that is, 1n one's attempt to make sure that a procedure
will be satisfactory the first time he tries it, particularly from the point of
view of a small blank, he usually includes more steps than are really necessary.
Fliminating them may result not only in time saved but also higher chemical yield.

10. Libby,75

who has pioneered in the use of low-level radiochemistry,
points out in his Nobel lecture, with ;egard to the method used in radiocarbon
dating, "It is something like the discipline of surgery - cleanliness, care,

seriousness, and practice.” No further comment seems necessary.

Examples of ILow-Level Procedures

Several examples of low-level procedures, chosen for their variety of
elements isolated as well as of starting material, will be described below.
Experimental detéils such as volumes and concentrations of reagents have been
omitted.

1. Potassium from iron meteorites’.

In this study andaso measured the amount of cosﬁogenic Kho in certain
iron meteorites, as produced By the apallation of iron with cosmic rays. fhe
measurement consists essentially of determining the specific activity of a po-
tassium fraction isolated from the meteorites (samples weighing between 170 and

1100 grams) and comparing it with the .specific activity of natural potassium,
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which fortunately bas a low concentration in iron meteorites (about 0.1 ppm).

Obviously no pctassivm carrier could be added. In one of the samples,
purified cesium carrier was used. After solution of the meteorite in aqua
regia, iron, cobalt, copper and other elements were removed by ether extraction
and anion exchange. The resultant solution was made ammoniacal and filtered.
The filtrate which contained about 3 moles of NHLLGl and .0.7 moles of Ni(N'l-l:,; )hH
was passed through a cation-exchange colum in ammonium form. Potassium and
cesium were eluted with ammoniacal ammo;ium ﬁcetate_, and the alkali metals were
precipitated with tetraphenylborate in the presence of EDTA. Potassium and
cesium were separated on Dowex-50 and K(06H5)I+B precipitated. The chemical
yleld of potassium (85%) was estimated from the cesium recovery. The actual
welght of potassium recovered was evidently much more than that originally in
the meteorite, the excess being attributed to the contribution of potaesium by
reagents and equipmént.

The specific activity of the sample was determined, ard it was then dis-
solved In an acetone-water mixture and passed through a catlon exchanger.
Potassium was eluted with HCl. This fraction was then subjected to scavenging
with CuS and Pe(OH)j. The 1_:e12‘aphenylbora1:e was again prec;i_.p_i?:.ated. The
specific activity was _easentially the same for the first and second counting
eamples and considerably higher than that of a natural potmasium sample.

The net beta. counting rates due to l(ho were in the range 0.3 to _2.h cpm
(background 0.17 cpm). While no specific reference is made to .contaminanta
(other than non-cosmc.!genic potassiun_:) , 1t is clear from the procedure that
rubidium is gbout the only conceivable interference and the latter should be
removed In the cation-exchange steps. E[.'he ratio of KH-O to l(39 and K‘u ; 88
deduced from the specific activity measurements, wassubsequently verified

mass spectrometrically.
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2. Barium and strontium nuclides in spontaneous f:l.ss:l.onh9 of U238
11,49,69,86

Kuroda and co-workers ve measured the ylelds of a

8
23 . The paper by Hey-

is devoted chiefly to measuring the yield of Balho al-

92

number of nuclides in the spontaneous fission of U
degger and Ku:odahg
though mention is made also of 81'91 and Sr Since the spontaneous fission
half-life of U238 is very long (8::1015 years), very large samples of uranium
compounds (500-2000 grams) must be taken as the starting material to obtéjn
measurable counting rates of fission products.

The uranium was dissolved in ether, and the solution was extracted twice
with small volumes of aqueous barium nitrate solution. Barium sulfate was pre-
cipitated, filtered, and converted to the carbonate by fusion with sodium car-
bonate. The barium was then purified by ferric hydroxide scavenging, by pre- |
cipitation as barium nitrate, and finally precipitated as the carbonate or
chromate. A barium sample isolated from 10 grams of uranium showed no activity
above the counter background of 1.10 p 0.03 cpm.

238

When barium was isolated from 758 grams of U ~ , 1.1l b 0.15 cpm of Balho

was found when counted 410 minutes after the BaSOh_ precipitation step. The ob-

-served decay curve was found to fit the calculated growth-decay curve of Balho—

Lﬂlho.

When three n.itra'te precipitation and five ferric hydroxide scavenging steps
are used, the authors state that there remains 0.06 ¥ 0.03 cpm of residual con-
tamination, determined presumably by following the decay over a period long com-
pared to the half-life of 12.8-day Balho. Another method of determining the
blank would be to separate barium again from the uranium solution, very soon
after the first extraction. Little Balh'o would have formed by spontaneous fission
in a time very short compared to. 12.8 days.

Similar experiments were conducted with uranium that had been depleted in
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U235, reducing the possibility of induced fission contributing to the observed
results. In this case the residual contamination was 0,15 p 0.05 cpm. The
authors speculate that this may be ascribed to radium contamination.

3. Cobalt and iron from copper cyclotron ta:_:g‘et95

95

Roy and Kohman”“ were interested in establishing the nuclear char-

acteristics of Feso whiqh was believed to be long-lived. Beta-decay systema-
tics predict that it should decay, at least in part, to 10-min. cosom. _ The
experiment consisted oi; firet recovering an iron fraction from a copper target
that had been irradiated with about 200 pa-hours of 400-Mev protons. The
copper target, welghing about 10 grams, was dissolved in I-IZNO3 and the solution
was evaporated to dryness and taken up in HCl. Carriers for Ca, Sc, Ti, V, Cr,
Mn, FPe, Co, Ni, and Zn were added and F_eGl} was extracted into isopropyl ether
under conditions that are essentially specific for iron. .The iron fraction
after purification contained of the order of a millicurie of Pe59 and a con-

siderable quantity of Fess.

The second part of the chemical procedure consisted of milking (.‘.06011 from
the iron fraction. This was done by contacting an aqueous cobalt solution
briefly with the solution of I-‘e(:l3 in isopropyl ether. The cobalt fraction
was then washed with isopropyl ether seve:;al times., Cobalt was finally pre-
cipitated as the sulfide. Prefiltered air was found to be necessary to elimin-
ate shox;t-lived ra_.d:_l.oelen_:ents in air. The separation took gbout 9-15 minutes.

Counting was done on a thin-wip_dow beta counter sensitive to the 51-Kev
conversion electrons of 'Cosom. The background was 2.8 cpm. Residual iong-

55 + I-‘e59) ranged in various separations from 9. to

55 cpm. The net rate attributable to c°60m at the time of separation ranged from

lived activity (presumably Fe

9 to 62 cpm. This illustrates the difficulties associated with removing a few

dpm of an activity from a system containing millicuries of other activities,
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particularly when only a few minutes may be devoted to the separation because of
a short half-life.

0
4, Cerium and promethium from sea waterl i

The fallout nuclides 285-day Celu' and 2.6-year Pmlll"7

may be used as
tracers in marine geochemical studies.lo8 The chemical separation method from
gea water and the radiochemical detection of the two nuclides have been des-

c:n::Lbed.]'07

The initial concentration of the rare earth nuclides from sea water of
volumes in the range 50-200 1itérs was accomplished by coprecipitation on
Fe(OH)j. Relatively large amounts of precipitant (carrier or scavenger) are
necessary to remove rare earths quantitativeiy (at least 20 mg and preferably
more) from these large volumes. Since large amounts of cerium or other 1;are
earth carrier might complicate the counting process, and since the use of
Fe(OH)3 results in no loss in efficiency, the latter was chosen. A great many
contaminating activities are expected to follow in this step.

The Ir‘e(Ol-I)3 was dissolved in HCl; cerium, neodymium, and samarium carriers
were added; and the solution was passed through an anion exchanger which ad-
sorbs iron, the rare earths pasaing ﬁ:ou@. Other anion-exchange steps in
HCl and Hasoh removed uranium, protactinium, and thorium. Scavenging with
Basoh_ removed radium and lead. The final separation of cerium, neodymium,
promethium, and samarium was made on a cation exchanger with ammonium lactate
as the eluent. This step was designed to eliminate actinium contamination.

The mean yleld of neodyminm and samarium was taken to be the chemical yield
of promethium., For counting purposes the promethium was carried on samarium
oxalate. The samarium carrier, which was added to the promethium fraction
from the column, bad been purified sufficiently to glve a zero blamk.

Counting rates observed have been as small as 0.1 cpm for Pm]'lL7 to as
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much as 15 cpm for Gelm‘L on a counter whose background is about 0.2 cpm. The
nuclides have been identified by absorption curves and b.y recycling to constant
gpecific activity. The decay of one of the early Gellm samples has been
followed for about two years and the decay curve is consistent with a 285-day
half-life. Determinations of blanks have shown repeatedly that reagents comn-
tribute less than 0.03 cpm.

5. Argon-39 and tritium from meteorite329

The .chemical purification of gases for subsequent low-level deter-
mination is rather different from the procedures described above. Firemem and .
DeFelice29 have described the method_s used in isolating, purifying, and_ counting
Ar} 9 and l-l‘3 . Cosmlc-ray exposure ages are estimated from the results.

Separations were mede from both iron and stome meteorites in the weight
range 17 to 50 grams. Contamination from terrestrial air and water was removed
by pumping at room temperature and at Z.OOOC. The meteorite samples were melted
by an induction furnace in the presence of carrier argon and in some cases
carrier hydrogen. Hydrogen was first separated from the gases evolved. For
most of the lron meteorites, adequate separation was achieved gimply by letting
the hydrogen diffuse through a hot palladium thimble. .

In the case of stone meteorites, which in general contained much more hy-
drogen, the evolved gas mixture was passed over a Cu-CuOQ __ftmuce, oxidizing
hydrogen to water. The latter and other condensable substances were frozen
in a cold trap at liquid nitrogen temperature. Carbon dioxide wae removed by
raising the trap temperature to -60°C. Water was reduced to hydrogen with hot
magnesium amalgam. The final-pu.rification step for hydrogen was diffusion
through a hot palladium thimble.

After hydrogen had been removed, the remaining gas was brought into con-

tact with zirconium ribbon at 1200°C » which reacts with essentially all except
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the inert gases. The remainder was adsorbed on charcoal at —19600, and argon
was removed by raising thé charcoal temperature to -60°C. The argon was sub-
Jjected to one more treatment with hot zirconium before being counted.

The gas counters used ranged in volume from 2.1 cm3 ‘(backgroum 4.2 b 0.2
counts per hour) to 80 em’ (background 56 T 2 counts per hour). The counting
mixture used in the case of the tritium determination was 10 cm hydrogen,

3 cm butene, and 30 cm argon. For argon counting it was 5 cm butene and 50
cm argon. Counter background was measured with tank hydrogen-butene-argon or
butene-argon at the same pressures.

While no blank measurements ére reported as such, it would appear that the
procedures are probably adequate. The method of determination of counter back-
ground aqtomatically includes any contribution of impurities from the carrier
gases and the gases used to obtain a suitable counting mixture. Amongocther
samples, the Carbo and Canyon Diablo meteorites gave negative results for both
Ar39 and H5. In fact most of the iron meteorites coﬁtained no detectable H3.
From these negative results one concludes that the procedures used were

satisfactory from the point of view of a blank.

Survey of Low-Level Procedures

In Table I are listed references to procedures, published and unpublished,
of two kinds: those which are claimed by the authors to be low-level ones
(defined differently byldifferent authors), and those which this author feels
may have been essentially low-level although no specific mention has been made
in the paper. Since a procedure that is satisfactory for one system may be
very inadequate for another, the separation schemes suggested in the refer-
ences of Table T are useful only as guides. As pointed out eéarlier, a compre-
hensive survey of low-level procedures is not possible in principle; the

references cited should be considered only to be typical.
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Table I. References" to Low-Level Methods of Radiochemical Separation

: . " Starting Material®
Environmental Natural Rocks, Irradiated Mixed Fission
Samples Waters Sediments Minerals Meteorites _Targets Products
H 63 29,37 51
Be 12 9,39,80 10,80 | 26,52,55 17,51 30
c 6,74,89 32
Na 5 | 51,95
Mg : 60,96
Al 5,26,52,55 51,93
51 T1 : 55 60,96
P 72 76 TL 60
s 72 - 38
cl : o 99,119 22,64,68 52,53 51,60
Ar . 29,114
K : : 37,50,52,5 51
Ca 55
Se 53 60
Ti 23
v o ' ' ‘101 53 " 6
cr ' ' 100 53 23,96
Mmoo _ 52,5  23,51,60,
79
Fe | 60
Co ' _ 2_6,53 23,60,95
Ni - i 53 23,34 109
Cu ' 162 23 109

Zn 25 28,106,109
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Table I (cont.)

Starting Material ) .
Environmental Natural <o Rocks, Irradiated Mixed Fission
Samples Waters Sediments Minerals Meteorites Targets Products
ca ' 23 28,109
Ge 102 28
As 102 105 28,106,109
Se 28
Br _ 105 28,1m,109
Kr 3
Rb 19,31 19 105 109
sr k2,70,78,81, 107 kg 105 28,103
83,112
Y ' 105 28,14
zr : 28
Mo _ 86,101 ' 28,92,105
Te ) N
Ru 81 40,105 28,103
Rh Lo
Pd 40,118 28,103
Ag 18 28,92
cd T7 ns 100,103
In T7 118
sn : ' 18 28
sb . . 101,1oé 118 - 28,103
Te 101 118 28,103
I _ _ 1 ' 103
cs 81 20,61,107 19 19 _ 103
120,121
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Table I (cont.)

. Element Starting Material
Environmental Natural Rocks,’ Irradiated Mixed Fission
Samples Waters Sediments Minerals Meteorites Targets Products
Ba 15 49,69 L6,90 105 28,103
La 101 W
Ce 81 107 103
Pm 1o7
Re 85
Hg 27,91
Tl 27,90 82
Pb 2,25,45 90 58,82,117
Bi : 2 27,90 82
Rn 67
Fr ™
Ra 13,43,9%,
16
Th 65,97 L1 113
Pa ] 2
U ok _ 46,90
Pu . _ | 55
a

As indicated in the text, these references used or appeared to have used low-level
separation methods in the applications indicated.

The seven categoriles are obviously not mutually exclusive. Each reference is listed in
the category that appears most descriptive. Meteorites are irradiated in activation analy-
sis; here they are listed under "Meteorites." Mixed fission products are, of course,

found in many irradilated targets; a separate category appeared to be useful, however

For lack of a better category, ordinary reagents are listed under "Rocks, Minerals."
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